a2 United States Patent

US011806502B2

ao) Patent No.: US 11,806,502 B2

Barraud et al. 45) Date of Patent: Nov. 7,2023
(54) MICROPUMP (58) Field of Classification Search
CPC .......... A61M 5/14248; AG1IM 5/14244; A61M
(71) Applicant: Tandem Diabetes Care Switzerland 5/14224; A61M 2005/14268;
Sarl, St-Sulpice (CH) (Continued)
(72) Inventors: Antoine Barraud, Lonay (CH); Simon (56) References Cited

Kuenzi, Lausanne (CH); Remy
Rysman, Lausanne (CH)

(73) Assignee: Tandem Diabetes Care Switzerland
Sarl, St-Sulpice (CH)

(*) Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35

U.S.C. 154(b) by 368 days.

(21) Appl. No.: 15/777,284

(22) PCT Filed: Nov. 15, 2016

(86) PCT No.: PCT/IB2016/056870
§ 371 (e)(D),
(2) Date: May 18, 2018

(87) PCT Pub. No.: WO02017/085624
PCT Pub. Date: May 26, 2017

(65) Prior Publication Data

US 2018/0339102 A1~ Nov. 29, 2018
(30) Foreign Application Priority Data
Nov. 20, 2015 (EP) oo 15195733

(51) Int. CL
AGIM 5/142
F04B 43/00

(2006.01)
(2006.01)
(Continued)
(52) US. CL
CPC ... A6IM 5/14248 (2013.01); A6IM 5/14224
(2013.01); A61M 5/16813 (2013.01);
(Continued)

U.S. PATENT DOCUMENTS

2,105200 A * 1/1938 Phelps ... F04B 43/082
417/474
2,412,397 A * 12/1946 Harper ................. F04B 43/082
417/474

(Continued)

FOREIGN PATENT DOCUMENTS

CA 2987866 Al 3/2012
DE 102013111800 Al 4/2015
(Continued)

OTHER PUBLICATIONS

Kiristin Lewotsky, Tutorial: The Basics of Stepper Motors—Part I,
Feb. 12, 2014 (Year: 2014).*

(Continued)

Primary Examiner — Kami A Bosworth

Assistant Examiner — Antarius S Daniel

(74) Attorney, Agent, or Firm — Eversheds Sutherland
(US) LLP; Christopher C. Bolten; Robert D. Ward

(57) ABSTRACT

Micropump (10) including a support structure (14), a pump
tube (16), and an actuation system (18) comprising one or
more pump chamber actuators (28), the pump tube com-
prising a pump chamber portion (24) defining therein a
pump chamber (26), an inlet portion (20) for inflow of fluid
into the pump chamber, and an outlet portion (22) for
outflow of fluid from the pump chamber. The inlet, outlet
and pump chamber portions form part of a continuous
section of tube made of a supple material. The one or more
pump chamber actuators are configured to bias against the
pump chamber portion to expel liquid contained in the pump
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chamber via the outlet portion, respectively to bias away
from the pump chamber portion to allow liquid to enter the
pump chamber via the inlet portion. The pump chamber
portion has a cross-sectional area Ap in an expanded state
that is larger than a cross-sectional area Ai of the pump tube
at the inlet and outlet portions.
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1
MICROPUMP

This application is the U.S. national phase of International
Application No. PCT/IB2016/056870 filed Nov. 15, 2016,
which designated the U.S. and claims priority to EP Patent
Application No. 15195733.9 filed Nov. 20, 2015, the entire
contents of each of which are hereby incorporated by
reference.

The present invention relates to a pump system for
pumping fluids, in particular a microfluidic pump system.

Microfluidic pump systems may be used in a variety of
applications, for instance in medical applications or in fluid
sampling applications. Microfluidic pumps typically have
fluid flow rates in the range of 10x10~° liter per minute to
10x107> liters per minute. In medical applications, micro-
fluidic pumps may be used for administration of medica-
ments in liquid form to a patient. Microfluidic pumps may
also be used in non-medical applications such as flow
cytometry or other sampling or measurement applications.
In many microfluidic applications, in particular medical
applications, it is important to ensure sterility of the pumped
liquid. In many applications, there is also an advantage in
having a disposable pump system that is thrown away after
a predefined action or state depending on the application, for
instance: after a single administration, after a supply of
medicament in a reservoir of the disposable part is empty, or
after a specified time of administration (e.g. a few days).

One of the applications for a microfluidic pump system
may for instance be for an infusion set for administration of
a liquid medicament, for instance insulin. The infusion set
may be provided in the form of a patch pump that is worn
by the patient, the patch pump having disposable compo-
nents.

There is an advantage in providing low cost disposable
parts that meet high safety and sterility standards required.

It is further advantageous in micropumps to have a
particularly accurate pumping volume for very small vol-
umes in order of a few micro liters.

In conventional pump systems, there may be piston type
of pumps in which a plunger is advanced in cylindrical
reservoir. Other known pump systems comprise a rotating
and axially movable rotor, or membrane type pumps. In
order to ensure a high degree of accuracy in the pumped
volume, especially for small quantities to be pumped, actua-
tion means need to be made with a very high precision and
are costly in conventional microfluidic pump systems.
Moreover, in conventional pump systems having movable
parts intervening in the pump chamber and thus requiring
movable sealing means, safety and sterility are difficult to
ensure reliably. Peristaltic type of pumps or shuttle pumps
that have actuators pressing on an elastic tube, provide a
high degree of sterility because the pump liquid is com-
pletely separated from the external environment, however
the elastic tube is generally made of elastomer which have
a restricted compatibility with drugs and are porous to gases.
The elastomeric tubes require special coatings and are often
costly to manufacture. For demanding applications the elas-
tic properties of such tubes may vary over time and thus
leading to a reduced accuracy.

GB2065789 discloses a shuttle type pump including
upstream and downstream flexible conduits and first and
second movable members operable for constricting and
opening the conduits. A disposable cassette is disposed
between the upstream and downstream conduits and com-
prises a rigid enclosure defining a pumping cavity. The
enclosure is provided with a window and a flexible dia-
phragm closing the window and configured to cooperate
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with an actuator which is operated in sequence with respect
to the first and second members in order to pump fluids from
the upstream to the downstream conduits.

WO80/01934 discloses also a shuttle pump including a
pump housing configured to receive and hold a disposable
pump chamber. The disposable pump chamber comprises
upstream and downstream conduits and contains two flex-
ible rolling diaphragm chambers therebewteen which act as
first and second pumping chambers which cooperate with
first and second pistons respectively such as to pump fluids
from the upstream to the downstream conduits.

The configuration of above pumps makes it difficult to
provide a sterile pump which therefore may have restricted
compatibility with the use of drugs. Moreover, to reach a
good accuracy, these pumps must be calibrated each time a
new cassette/pump chamber is loaded.

It is an object of this invention to provide a micropump for
a microfluidic pump system that is very accurate, especially
for very small pump volumes, and that is very reliable and
sterile.

It is advantageous to provide a micropump for a micro-
fluidic pump system that is that is easy to calibrate.

It is advantageous to provide a micropump for a micro-
fluidic pump system that is cost effective to manufacture and
thus convenient to integrate in a disposable device.

It is advantageous to provide a micropump for a micro-
fluidic pump system that is safe and reliable for use in
medical applications for administration of liquid drugs.

It is advantageous to provide a micropump for a micro-
fluidic pump system that is very versatile, in particular that
can be implemented in a wide range of applications.

It is advantageous to provide a micropump for a micro-
fluidic pump system that can be easily calibrated.

It is advantageous to provide a micropump for a micro-
fluidic pump system that may be used for pumping fluids
without any risk of contamination or damage to the fluid due
to the pumping system, for instance by avoiding moving
parts or seals that separate the volume of liquid to be
pumped and the external environment.

Objects of the invention have been achieved by providing
a micropump according to claim 1, and a method of pro-
ducing a micropump according to claim 15.

Disclosed herein is a micropump including a support
structure, a pump tube, and an actuation system comprising
one or more pump chamber actuators. The pump tube
comprises a pump chamber portion defining therein a pump
chamber, an inlet portion for inflow of fluid into the pump
chamber, and an outlet portion for outflow of fluid from the
pump chamber, the inlet, outlet and pump chamber portions
forming part of a continuous section of tube made of a
supple material. The one or more pump chamber actuators
are configured to bias against the pump chamber portion to
expel liquid contained in the pump chamber via the outlet
portion, respectively to bias away from the pump chamber
portion to allow liquid to enter the pump chamber via the
inlet portion. The pump chamber portion has a cross-
sectional area Ap in an expanded state that is larger than a
cross-sectional area Ai of the pump tube at the inlet and
outlet portions.

In an advantageous embodiment, the one or more pump
chamber actuators may comprise one or more tube coupling
interface elements fixed to one side of the pump chamber
portion.

In an advantageous embodiment, the one or more tube
coupling interface elements may be bonded to a wall portion
of the pump chamber portion.
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In an advantageous embodiment, the actuation system
further comprises an inlet valve, and an outlet valve in the
form of pinch valves that bias against the pump tube on an
inlet, respectively outlet side of the pump chamber portion.

The inlet pinch valve may be operated by means of an
inlet valve actuator and the outlet valve may be operated by
means of an outlet valve actuator.

In an advantageous embodiment, the pinch valves bias
against an expanded section of the pump chamber portion.

In an advantageous embodiment, the pinch valve actua-
tors may be bonded to the pump tube.

In an advantageous embodiment, the inlet and outlet
valves comprise an elastic body configured to apply elastic
pressure closing together opposing surfaces of the pump
chamber portion.

In an advantageous embodiment, the pump chamber
actuator and/or the inlet valve actuator and/or the outlet
valve actuator is/are passively driven in one direction by
means of a spring element.

In an advantageous embodiment, the pump chamber
actuator and/or the inlet valve actuator and/or the outlet
valve actuator is/are actively driven in at least one direction
by means of an electromagnetic actuator.

In advantageous embodiments, the ratio of the pump
chamber portion cross-sectional area over the inlet and
outlet portions cross-sectional area Ap/Ai is in a range of 4
to 100.

In advantageous embodiments, the ratio of the pump
chamber portion cross-sectional area over the inlet and
outlet portions cross-sectional area Ap/Ai may be more
particularly in a range of 9 to 64.

In advantageous embodiments, the micropump is config-
ured for pumping liquids in the range of 1 nl/min to 100
ml/min.

In advantageous embodiments, the micropump may be
configured for pumping liquids more particularly in the
range of 10 nl/min to 300 pul/min.

In an advantageous embodiment, the pump chamber
portion is a blow molded section of polymer tube.

In an advantageous embodiment, the polymer is a ther-
moplastic polymer, for instance selected from Pertluoro-
alkoxy (PFA), Fluorinated ethylene propylene (FEP), or a
fluoropolymer.

In an advantageous embodiment, opposed wall portions
of'the pump chamber portion are fixed to elements that form
parts of the actuation system and housing that move rela-
tively with respect to each other, configured to pull apart or
press together the wall portions.

In an advantageous embodiment, the actuators may com-
prise position sensors configured to determine the state of
operation of the pump.

In an advantageous embodiment, the position sensors may
comprise capacitive sensors that detect the position of the
biasing organ.

In a variant, the position sensors may comprise magnetic
sensors that detect the position of the biasing organ.

Also disclosed herein is a method of manufacturing a
micropump including a support structure, a pump tube, and
an actuation system, the pump tube comprising a pump
chamber portion defining therein a pump chamber, an inlet
portion for inflow of fluid into the pump chamber, and an
outlet portion for outflow of fluid from the pump chamber,
wherein the inlet portion, outlet portion and pump chamber
portion form part of a continuous section of tube made of a
supple material, the method characterized by forming the
pump chamber portion by blow molding.
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In an advantageous embodiment, the method comprises
flattening the pump chamber portion after the blowmolding
step.

In an advantageous embodiment, the method comprises
bonding opposed wall portions of the pump chamber portion
to respective elements of the actuation system and housing
that move relatively with respect to each other configured to
pull apart or press together the wall portions.

Also disclosed herein is a microfluidic pump system for
administering a liquid medication, comprising a reusable
part including a drive unit and an electronic control system
and a disposable part including a liquid supply system, a
delivery system for administering the liquid medication to a
patient, and a micropump as described above.

In an advantageous embodiment, the microfluidic pump
system is configured in the form a patch pump comprising
an adhesive surface for adhering to the skin of a patient for
delivery of a liquid medication.

Further objects and advantageous features of the inven-
tion will be apparent from the claims, from the detailed
description, and annexed drawings, in which:

FIG. 1a is a schematic simplified perspective view of a
medical patch pump system according to an embodiment of
the invention;

FIG. 15 is a schematic simplified perspective of the patch
pump system of FIG. 1a showing separation of reusable and
disposable parts;

FIG. 1c¢ is a schematic simplified perspective cross-
sectional view of the pump system of FIG. 1a;

FIG. 2a is a schematic simplified perspective view of a
microfiuidic pump system according to an embodiment of
this invention;

FIG. 2b is a perspective view of a microfluidic pump
system according to an embodiment of this invention with a
portion of housing removed;

FIG. 2c¢ is a view similar to FIG. 26 but of another
embodiment according to the invention;

FIG. 2d is a perspective cross-sectional view of a micro-
fluidic pump system according to an embodiment of the
invention;

FIG. 3a is a perspective view of a pump chamber portion
of'a microfluidic pump system according to an embodiment
of the invention, the pump chamber portion being in an
empty state;

FIG. 35 is a view similar to FIG. 3¢ with the pump
chamber in a partially full state;

FIG. 4a is a top view of a microfluidic pump system with
a portion of housing removed according to an embodiment
of this invention;

FIG. 454 is a cross-sectional view through lines G-G of
FIG. 4a;

FIG. 4c¢ is a cross-sectional view through line A-A of FIG.
4a;

FIG. 4d is a cross-sectional view through line B-B of FIG.
4a;

FIGS. 5a, 5¢, 5e, 5g are similar to figure to FIG. 4¢ but
showing the microfiuidic pump system in different pumping
stages whereby FIG. 4¢ shows the pump chamber in an
empty state, FIG. 5a shows the inlet valve open and the
pump chamber being filled, FIG. 5¢ shows the pump cham-
ber full and the valves closed, FIG. 5¢ shows the outlet valve
open and the pump chamber being emptied; and FIG. 5;
shows the outlet valve about to be closed and the pump
chamber just emptied;

FIGS. 5b, 5d, 51, 5h are similar to FIG. 4d showing the
position of actuators during the pumping steps illustrated in
FIGS. 5a, 5¢, Se, 5j respectively;
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FIG. 6 is schematic cross-sectional view of a microfluidic
pump system according to another embodiment of the
invention;

FIG. 7 is a perspective cross-sectional view with portions
of housing removed of a microfluidic pump system accord-
ing to an embodiment of this invention illustrating position
sensors of actuating elements;

FIG. 8 is a graph schematically illustrating a pumping
sequence and opening and closing of valves of a microflu-
idic pump system according to embodiments of the inven-
tion;

FIGS. 9a to 9d are simplified schematic perspective views
illustrating steps in manufacturing a pump chamber portion
of'a microfluidic pump system according to an embodiment
of the invention.

Referring to the figures, starting with FIGS. 1a to 1c, a
microfiuidic pump system 2 according to an embodiment of
this invention is in the form of a pump system for admin-
istering medical liquids, comprising a reusable part 4 and a
disposable part 6. The reusable part 4 includes a drive unit
5 and an electronic control system 7. The disposable part 6
includes a liquid supply system, for instance incorporating a
liquid reservoir containing the medication to be adminis-
tered, a delivery system 8 for administering the liquid to a
patient, for instance incorporating a needle for subcutaneous
administration of liquid or for feeding into a catheter, and a
micropump 10 for pumping the liquid from the liquid
reservoir to the delivery system 8.

The microfluidic pump system may for instance be in the
form of a patch pump comprising an adhesive surface 3 for
adhering to the skin of a patient for delivery of a medication
over a few days to a few weeks. Patch pump systems are per
se well known, for instance for administration of insulin to
patients suffering from diabetes. In such systems it is well
known to have a reusable part comprising a drive and
electronics that may be reused multiple times with a plural-
ity of disposable systems that are thrown away once
removed from the patient or after the liquid in the reservoir
is empty or nearly empty, or after a specified time.

A micropump 10 according to embodiments of this inven-
tion may advantageously be implemented in a disposable
part of a patch pump configuration. A micropump 10 accord-
ing to embodiments of the invention may however be
implemented in many other systems requiring pumping of
small quantities of liquids, particularly in the range of 10
nl/min (10x107? litres/minute) to 10 ml/min, more particu-
larly in the range of 10 nl/min to 300 ul/min.

The micropump 10 according to embodiments of this
invention comprises a housing or support structure 14, a
pump tube 16, and an actuation system 18.

The pump tube 16 comprises a pump chamber portion 24
defining therein a pump chamber 26, an inlet 20 for inflow
of fluid into the pump chamber, and an outlet 22 for outflow
of fluid from the pump chamber. The inlet, outlet and pump
chamber portion form part of a continuous section of tube
made of a supple material, for instance a polymeric material
such as Perfluoroalkoxy (PFA), Fluorinated ethylene pro-
pylene (FEP), a thermoplastic fluoropolymer or various
other thermoplastic materials, the choice of which may
depend inter alia on the intended application and need for
compatibility with the liquid to be pumped.

In the figures, the inlet and outlet are shown with end
faces however the inlet and outlet may continue with long
sections of tube connected at their respective ends to a
delivery system respectively a liquid supply reservoir. The
section of tube may be provided without interruptions such
that the pump chamber portion 24 is connected to the liquid
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supply and delivery system by respective connectors at the
liquid supply system and delivery system respectively. This
ensures, similar to peristaltic type of pump systems, a
continuous flow of liquid within the pump system separated
from the external environment by a continuous wall without
the need for sealed moving parts separating the liquid to be
pumped from the external environment. This ensures a high
degree of sterility in the separation of the liquid to be
pumped from the external environment.

Referring to FIGS. 94 to 94, the pump chamber portion 24
may be advantageously manufactured by a blow molding
process. As illustrated in FIG. 9a, a section of polymer tube
24" is placed within a die 46 comprising a cavity 48
configured to form the pump chamber portion. As is per se
known in blow molding processes, the section of polymer
24' is heated and gas pressure is applied within the tube so
that it expands outwardly until the tube contacts and con-
forms to the chamber 48 in the die. The die may then be
opened and the section of tube removed. In a subsequent
step, the expanded blow molded section 24 may then be
flattened to form the pump chamber portion 24 for assembly
within the housing of the micropump.

The volume of the pump chamber 28 formed within the
pump chamber portion 24 may be varied for the pumping
operation by pulling apart the opposed flattened wall por-
tions 24a, 24b of the pump chamber portion 24 to increase
the volume therein, or by pressing together the opposite wall
portions 24a, 24b to expel fluid out of the pump chamber.
The blow molded pump chamber portion 24 is particularly
cost effective to manufacture while at the same time ensur-
ing a very high level of reliability and safety from contami-
nation. Moreover, contrary to peristaltic or shuttle type of
pumps, the pumping action does not rely on the inherent
elasticity of the tube and is not limited to the initial diameter
of the tube.

In the present invention, the tube section as shown by the
illustrated inlets and outlets 20, 22, can have a very small
diameter D, relative to the pump chamber portion diameter
D,,. The ratio of diameters D,/D, may advantageously be in
a range of 2 to 10, preferably in range of 3 to 8. The
relatively small tube reduces the dead volume of liquid
between the liquid supply and micropump, respectively
from the micropump to the delivery system, while at the
same time allowing to pump a volume of liquid defined by
the expanded pump chamber portion 24 that has a diameter
D, that may be 2 to 8 times or more the diameter D, of the
inlet and outlet portions of the tube. The actual amount of
liquid to be pumped may be controlled by the degree of
separation of the opposite wall portions 24a, 24b thus
defining the volume of the pump chamber therebetween as
well as the number of inflow and outflow (pumping) cycles.
Within the scope of the invention, the tube original shape
may not necessarily be a circular or essentially circular
shape in cross-section, an may have a variety of other
cross-sectional profiles such as square, polygonal, elliptical
and various irregular profiles. More generally, in advanta-
geous embodiments, the ratio of the pump chamber portion
cross-sectional area (in its fully expanded operational state)
over the inlet and outlet portions cross-sectional area Ap/Ai
is in a range of 4 to 100, more preferably in a range of 9 to
64.

In order to effect the pumping operation, the opposed wall
portion 24a, 24b of the pump chamber portion 24 are fixed
to elements that form parts of the actuation system and
housing that move relatively with respect to each other to
pull apart or press together the wall portions 24a, 24b.
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In the embodiment illustrated in FIG. 24, a surface portion
25 of the upper wall portion 24a of the pump chamber
portion 24 is fixed to a tube coupling interface element 34 of
a pump chamber actuator 28 of the actuation system 18
whereas the opposite side 245 is fixed to a base wall 1456 of
the housing 14. The fixing means between the housing and
wall portion 245, respectively between the interface element
34 and wall portion 24a of the pump chamber portion 24
may be by welding, brazing, adhesive bonding, cold or hot
heading or various other per se known bonding techniques
between materials, in particular the polymeric material of
the pump chamber portion and material of the housing
interface element. The interface element and housing may
also be made of a polymeric material, for instance injected
plastic of similar or different polymer than that of the tube
section, although non-polymeric materials may also be used
depending on the applications, provided that fixing tech-
nique is also adapted for the pair of materials used. Welding
may for instance be performed by known techniques such as
ultrasonic welding or laser welding.

In an advantageous embodiment, the pinch valve actua-
tors 31, 33 may be bonded to the pump tube 16, in particular
to ends of the pump chamber portion 24. The bonding of the
pinch valve actuators to the pump tube may be by welding,
brazing, adhesive bonding, cold or hot heading or various
other per se known bonding techniques between materials in
a similar manner than the pump chamber actuator bonded to
the pump chamber portion. This allows to use a non-elastic
material for the pump tube 16 yet ensure that the pinch valve
actively opens the tube sufficiently to ensure low fluidic
resistance when opened. The active drawing in of liquid into
the pump chamber confers an important advantage, in par-
ticular in the case of an underpressure upstream (e.g. in the
reservoir), or for pumping viscous fluids.

The actuation system 18 comprises one or more pump
chamber actuators 28 comprising one or more tube coupling
interface elements 34 fixed to one side of the pump chamber
portion 24, an inlet valve 30, and an outlet valve 32. In a
preferred embodiment the inlet and outlet valves 30, 32 are
in the form of pinch valves that bias against the pump tube
16 on the inlet and outlet side of the pump chamber portion
24. In an advantageous embodiment, the pinch valves bias
against the expanded section of the pump chamber portion
24. In a variant however, the pinch valves may also pinch the
tube sections outside of the expanded portion, on the tube
sections that are not expanded (i.e. not blow molded).

The inlet and outlet valves 30, 32 may advantageously
comprise an elastic body, for instance made of an elastomer,
configured to apply elastic pressure closing together the
opposing surfaces of the pump chamber portion while
reducing local pressure to avoid damage to the pump tube 16
while ensuring a good pinch sealing of the valve.

The inlet pinch valve 30 is opened and closed by means
of a pinch valve actuator 31. The outlet valve may be
operated by means of an outlet valve actuator 33.

In a variant, the outlet valve actuator may be a passive
actuator that is spring biased such that the outlet valve
pinches the tube in a closed position during inflow of liquid
in the pump chamber portion when the inlet valve is open.
In the latter variant, the outlet valve biases open under
pressure of the liquid within the pump chamber when the
inlet valve is closed and the pump chamber actuator is
actuated to reduce the volume in the pump chamber portion.

In a variant, the inlet and outlet valves may be provided
at the liquid supply system, respectively the needle actuation
system, rather than at the entry and exit of the micropump
10.
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The pump chamber actuator 28 and pinch valve actuators
31, 33 may have similar configurations or may have different
actuating mechanisms. In embodiments shown, the actua-
tion system comprises a biasing mechanism 47 with springs
45 that bias both inlet and outlet pinch valves as well as the
interface element 34 of the pump chamber actuator 28 to the
closed position, as best illustrated in FIG. 2d or 6 where the
pump chamber 26 is empty and the pinch valves closed. This
configuration provides a fail safe mode whereby in case of
loss of power or failure of the actuation system, fluid flow
between liquid supply system and delivery system is closed.
Such fail safe mode is useful in many applications, for
instance in medical applications. Nevertheless, for certain
applications that may require fluid connection between the
fluid supply and the delivery system to remain open, the fail
safe mode or power off mode may require the springs to bias
the biasing mechanism 47 to an open position where both the
inlet and outlet valves are open and the interface element 34
of the pump chamber actuator is in a raised position to allow
liquid to flow through the pump chamber.

In embodiments with a spring biasing mechanism to the
open or the closed position as needed by the system, the
actuation system comprises a drive mechanism that acts in
the direction opposite to the spring biasing force to effect the
opposite action. In the embodiment illustrated in FIG. 25,
the interface element drive 36 of the pump chamber actuator
38 is provided in the form of a rotating camshaft 38. The
rotating camshaft comprises a cam profile portion 384 that,
in opposition to the spring force, raises and lowers the
biasing organ 42 coupled to the interface element 34 to
increase, respectively decrease the volume in the pump
chamber as a function of the angle of rotation of the cam.
The rotating cam may be turned by an electrical motor
directly or through a reduction gearing system or by other
known electrical actuation means for rotating a component.
The camshaft 38 may be provided with cam profile portions
38a, 38¢ for actuating the pinch valves in a similar manner
as a function of rotation of the camshaft. In this embodiment,
the opening and closing of the pinch valves and raising and
lowering of the pump chamber interface element are thus
directly mechanically synchronised and the pumping vol-
ume per rotation of camshaft is a fixed amount.

While in the aforegoing it is mentioned that the inlet is
connected to a liquid supply system and outlet connected to
a delivery system, the micropump according to embodi-
ments of the invention may be made as a bi-directional pump
and therefore an inlet may act also as an outlet and an outlet
as an inlet for flow of liquid in both directions depending on
the order of opening and closing of the pinch valves and
actuation of the pump chamber portion. Using a rotating cam
this may be done for instance by simply reversing the
direction of movement of the rotating cam. A reverse flow of
liquid may for instance be implemented in certain applica-
tions to provide a drawback of liquid from the delivery
system to the supply system or for connection between two
liquid supply systems for mixing or other operations.

In the illustrated embodiments, the biasing mechanism 47
is in the form of a leaf spring plate with cantilever arms 43
that are pivotally connected to a base portion 41, the spring
biasing force acting on the spring arms 43 being provided by
coil springs 45. In other possible variants, various other
spring mechanisms may be used that are per se well known
to the skilled person. Also, the spring force may be provided
by the cantilever arms 43 due to their inherent elasticity
without the use of additional coil springs or other additional
springs.
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In the illustrated embodiments, the pinch valves and
interface element of the pump chamber actuator are posi-
tioned on a portion of the arm that is intermediate the base
41 and free end 43 of the arms, the actuators being posi-
tioned proximate the free end 43 of the arms. The actuation
of the spring arms 42 may thus be effected with a larger
displacement than the actual displacement of the pinch
valve, respectively pump chamber actuators, thus increasing
the control and accuracy of the variation of volume in the
pump chamber 26.

In another embodiment, instead of a rotating cam, each of
the biasing organs 42 of the pump chamber actuator 28 and
the inlet and outlet valves 30, 32 may be effected by other
individual actuation means such as linear actuators for
instance in the form of solenoids as illustrated in the
embodiment of FIG. 6 or by piezo electric actuators.

In variants, the actuation means may be provided by other
per se well known actuators such as pneumatic or hydraulic
actuators, or other forms of electromagnetic actuators.

In a variant, instead of acting against spring means, the
actuators may also effect forward and reverse movements
without spring means to effect the pump chamber volume
variation and opening and closing of valves. The actuators
may effect the forward and reverse movements actively, or
in a variant, actively in one direction and passively in the
other by the force of the spring means. Spring means may
also be integrated within the actuators to effect the passive
movement in one direction.

In using individual actuators 40, the displacement of each
actuator may have a fixed displacement travel similar to the
cam operation of the biasing organ. In a variant, the pump
chamber actuator 28 may have a variable travel that may be
controlled in order to change, as needed, the pumping
volume per cycle.

The actuators may further be provided with position
sensors 44 (see FIG. 7) for instance in the form of capacitive
sensors that detect the height of the biasing organ 42, for
instance the position of the free ends 43 of the biasing organ,
for the pump chamber and for the pinch valves in order to
determine the state of operation of the pumping. The posi-
tion sensors may also be used to determine a malfunction in
the pump, in particular malfunction of the pinch valves or
the pump chamber actuator. The sensors may also be used to
determine or to control the pumping operation in particular
the pumping volume rate.

Referring to FIGS. 4¢ to 5/ and FIG. 8, a pumping cycle
according to embodiments of the invention is illustrated. As
shown in FIG. 4¢, the inlet pinch valve is opened by the inlet
valve actuator 31 and then the pump chamber actuator 28 is
raised to increase the volume in the pump chamber 26 as
shown in FIGS. 5a and 5b. The inlet valve is then closed as
shown in FIGS. 5¢, 5d and then the outlet valve is opened
as shown in FIGS. 5e and 5fand the pump chamber actuator
28 is depressed until the liquid is expelled as shown in FIGS.
5g and 5. The outlet valve may then be closed and a pump
cycle repeated.

As mentioned previously, the outlet valve can be actively
actuated by a motorized actuation element or may be passive
in the sense of being a spring biased pinch valve that opens
due to the pressure of the liquid in the pump chamber when
the pump chamber actuator is depressed.

The micropump can be in different manners to create a
flow. For instance, in an embodiment, the fluid flow is a
sequence of discrete amounts, by successively repeating
complete pumping cycles, thus the flow is given by the
pumped volume per cycle and its frequency. A time delay
can be introduced between pumping cycles. Another possi-
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bility is to create a continuous flow by first filling the
pumping chamber through the inlet and then expelling the
fluid by the compression of the pumping chamber over a
certain time (push). Alternatively the pumping chamber can
be filled over a certain time to create a continuous flow
(pull). These operations may be repeated and/or combined in
any chosen sequence.

List of references used

Pump system 2 (e.g. patch pump)
adhesive base 3
reusable part 4
drive unit 5
control system 7
disposable part 6
delivery system & (e.g. needle system)
liquid supply system 12
e.g. liquid reservoir
micropump 10
housing/support 14
pump tube 16
inlet 20
outlet 22
pump chamber portion 24
attachment surface portion 25
pump chamber 26
actuation system 18
inlet valve 30
pinch valve
elastic body
outlet valve 32
pinch valve
elastic body
pump chamber actuator(s) 28
tube coupling interface, element 34
interface element drive 36
1st embodiment
rotating cam 38
biasing mechanism 47
(leaf spring plate & springs)
spring biasing organ 42
pivot arm -> leaf spring arm
base portion 41
free end 43
compression spring 45
2nd embodiment
linear actuators 40
spring biasing organ 42
3rd embodiment
linear actuators 40
no spring for return
(active two way displacement)
position sensor(s) 44
blow molding die 46
chamber 48

The invention claimed is:

1. A micropump including a support structure, a pump
tube, and an actuation system comprising one or more pump
chamber actuators comprising a camshaft and first and
second cantilever arms, the pump tube comprising a pump
chamber portion defining therein a pump chamber, an inlet
portion for inflow of liquid into the pump chamber, and an
outlet portion for outflow of liquid from the pump chamber,
an adhesive surface configured to adhere to skin of a patient,
the outlet portion coupled to a needle for subcutaneous
administration of liquid to the patient having the micropump
adhered thereto via the adhesive surface, the inlet portion,
the outlet portion, and the pump chamber portion monolithi-
cally forming part of a continuous section of tube made of
a supple material, the pump chamber portion bonded to a
wall within the support structure via welding, brazing,
adhesive bonding, or cold or hot heading, the first cantilever
arm configured to cause, responsive to a spring force pro-
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vided by the first cantilever arm and rotation of the camshaft,
the pump chamber portion to expel liquid contained in the
pump chamber via the outlet portion to the needle for
subcutaneous administration to the patient, the second can-
tilever arm configured to allow liquid to enter the pump
chamber via the inlet portion responsive to rotation of the
camshaft, wherein the pump chamber portion has a cross-
sectional area A, in an expanded state that is larger than a
cross-sectional area A, of the pump tube at the inlet portion
and the outlet portion, wherein an end of the inlet portion
forms an inlet of the micropump and an end of the outlet
portion forms an outlet of the micropump.

2. The micropump of claim 1, wherein the one or more
pump chamber actuators comprise one or more tube cou-
pling interface elements.

3. The micropump of claim 1, wherein the actuation
system further comprises an inlet valve and an outlet valve
in the form of pinch valves that bias against the pump tube
on an inlet side and an outlet side of the pump chamber
portion, respectively, the inlet pinch valve being operated by
movement from an inlet valve actuator and the outlet pinch
valve being operated by movement from an outlet valve
actuator.

4. The micropump of claim 3, wherein the pinch valves
bias against an expanded section of the pump chamber
portion.

5. The micropump of claim 3, wherein the inlet pinch
valve and the outlet pinch valve each comprise an elastic
body configured to apply elastic pressure closing together
opposing surfaces of the pump chamber portion.

6. The micropump of claim 3, wherein the inlet and outlet
valve actuators individually actuate the inlet and outlet pinch
valves, respectively, responsive to corresponding movement
at the inlet and outlet valve actuators.

7. The micropump of claim 3, wherein the one or more
pump chamber actuators and/or the inlet valve actuator
and/or the outlet valve actuator is/are passively driven in one
direction.

8. The micropump of claim 3, wherein the one or more
pump chamber actuators and/or the inlet valve actuator
and/or the outlet valve actuator is/are actively driven in at
least one direction by an electromagnetic actuator.

9. The micropump of claim 8, wherein a ratio of the pump
chamber portion cross-sectional area over the inlet and
outlet portions cross-sectional area A, /A, is in a range of 4
to 100.

10. The micropump of claim 9, wherein the micropump is
configured for pumping liquids in a range of 1 nl/min to 100
ml/min.

11. The micropump of claim 3, wherein the one or more
pump chamber actuators and/or the inlet valve actuator
and/or the outlet valve actuator comprise position sensors
configured to determine a state of operation of the micro-
pump.

12. The micropump of claim 11, wherein the position
sensors comprise capacitive and/or magnetic sensors that
detect a position of a biasing organ.

13. The micropump of claim 1, wherein the pump cham-
ber portion of the pump tube is a blow molded section of
polymer tube.

14. The micropump of claim 1, wherein opposed wall
portions of the pump chamber portion are fixed to elements
that form parts of the actuation system and the support
structure that move relatively with respect to each other, to
pull apart or press together the wall portions.

15. A microfluidic pump system for administering a liquid
medication, the microfluidic pump system comprising a
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reusable part including a drive unit and an electronic control
system and a disposable part including a liquid supply
system, a delivery system for subcutaneously administering
the liquid medication to the patient, and the micropump of
claim 1 for pumping the liquid from a liquid reservoir to the
delivery system.

16. The microfluidic pump system of claim 15, configured
in the form a patch pump for delivery of the liquid medi-
cation.

17. The micropump of claim 1, wherein the micropump is
configured to pump insulin for subcutaneous administration
to the patient.

18. The micropump of claim 1, wherein the pump cham-
ber portion is bonded to the wall within the support structure
via welding.

19. The micropump of claim 18, wherein the pump
chamber portion is bonded to the wall within the support
structure via laser welding.

20. The micropump of claim 1, wherein the first and
second cantilever arms are configured to independently
move, responsive to the spring force provided by the first
cantilever arm and a spring force provide by the second
cantilever arm respectively, relative to the pump tube.

21. The micropump of claim 20, wherein the one or more
pump chamber actuators further comprise a third cantilever
arm configured to move, response to a spring force provided
by the third cantilever arm, relative to the pump tube.

22. The micropump of claim 20, wherein each of the first
and second cantilever arms comprises an elongated, flat
portion.

23. A micropump including a support structure, a mono-
lithic blow-molded pump tube, and an actuation system
comprising a camshaft, a first cantilever arm, and a second
cantilever arm, an adhesive surface configured to adhere to
skin of a patient, the monolithic blow-molded pump tube
consisting of a continuous piece of tube made of a supple
material and a pump chamber portion defining a pump
chamber, an inlet portion, and an outlet portion coupled to
a needle for subcutaneous administration of liquid to the
patient having the micropump adhered thereto via the adhe-
sive surface, the first cantilever arm configured to cause,
responsive to a spring force provided by the first cantilever
arm and rotation of the camshaft, the pump chamber portion
to expel liquid contained in the pump chamber via the outlet
portion to the needle for subcutaneous administration to the
patient, the second cantilever arm configured to allow liquid
to enter the pump chamber via the inlet portion responsive
to rotation of the camshaft, wherein the pump chamber
portion has a cross-sectional area A, in an expanded state
that is larger than a cross-sectional area A, of the pump tube
at the inlet and outlet portions.

24. The micropump of claim 23, wherein the pump
chamber portion is bonded to a wall within the support
structure via welding, brazing, adhesive bonding, or cold or
hot heading.

25. The micropump of claim 24, wherein the pump
chamber portion is bonded to the wall within the support
structure via laser welding.

26. The micropump of claim 23, wherein each of the first
and second cantilever arms comprises an elongated, flat
portion, and

wherein the second cantilever arm allows liquid to enter

the pump chamber responsive to a spring force pro-
vided by the second cantilever arm.
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27. The micropump of claim 23, further comprising a
third cantilever arm configured to move relative to the pump
tube.
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